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to secondary injection flow and the tertiary injection ports 
are correspondingly small. However, the significant in- 
crease in lateral thrust which is realized through the use 
of a small amount of tertiary injection fluid outweighs the 
disadvantage of having to cut small tertiary injection 
ports in the wall of the nozzle. 

Accordingly, one object of the present invention is to 
provide an improved and novel injection thrust vectoring 
system. 

Another object of the present invention is to provide a 
novel injection vectoring system in which the usual second- 
ary fluid injectant is complemented by a tertiary fluid 
injectant. 

Still another object of the present invention is a novel 
injection vectoring system in which a small amount of 
tertiary fluid is injected into the primary nozzle stream 
at a distance upstream of the secondary fluid injection 
point whereby a significant increase in lateral force is 
realized. 

Other features and advantages will be apparent from 
the specification and claims, and from the accompanying 
drawings which illustrate an embodiment of the invention. 

FIG. 1 is a schematic of a rocket nozzle incorporating 
the secondary injection system of my previous applica- 
tion, Serial No. 142,146. 

FIG. 2 is a view looking upstream into the rocket nozzle 
of FIG. 1. 

FIG. 3 is a view of a slotted port used for secondary 
injection in my previous application, Serial No. 142,146. 

FIG. 4 is a view of a modified slotted port for second- 
ary injection. 

FIG. 5 is a view of still another modified slotted port 
for secondary injection. 

FIG. 6 is a plot of the ratio of lateral force to non- 
vectored primary stream thrust versus the ratio of second- 
ary weight flow to primary weight flow for propulsion 
vehicles incorporating the system of my previous appli- 
cation, Serial No. 142,146 (the lines £—60°, £=90°), 
and for propulsion vehicles using a previously known 
system (the line /3=105°). 

FIG. 7 is a plot of the ratio of total axial thrust to 
nonvectored axial thrust versus the ratio of secondary 
weight flow for propulsion vehicles incorporating the 
system of my previous application, Serial No. 142,146 
(now Patent No. 3,144,752), (the lines /3=60°, p=90°) 
and for propulsion vehicles using a previously known 
system (the line /3=105°). 

FIG. 8 is a view showing the tertiary injection system 
of the present invention. 

Referring now to FIG. 1, the primary rocket nozzle 
10 has a convergent portion 12, a throat portion 14 and 
a divergent portion 16. Gases generated in combustion 
chamber 18 constitute the primary weight flow (W x ) for 
nozzle 10. These gases are accelerated to a supersonic 
speed in the well-known fashion by being passed through 
convergent portion 12, throat 14 and divergent portion 
16, and the gases are then discharged past the end 20 of 
the nozzle to generate a propulsive thrust (Fj). 

A plurality of injection ports 22 are attached to nozzle 
10 at the discharge end 20 by any convenient means of 
attachment such as welding, clamping or bolting. There 
are at least three injection ports 22 spaced 120° apart, 
and, as shown in FIG. 2, it is preferred that there be 
four such injection ports spaced 90° apart. Supply con- 
duits 24, each of which has a flow valve 26 therein, lead 
from a source of fluid (not shown) to each of the in- 
jection ports 22. As shown in FIG. 3, the basic shape of 
injection port 22 is a high aspect ratio slot extending in 
a circumferential direction with respect to nozzle 10. As 
shown in FIGS. 1 and 2, the supply conduits 24 form a 
flattened and flared portion 24 a to meld into ports 22. 
The high aspect ratio slot configuration has been chosen 
as the basic form for ports 22 for a number of reasons, 
one of which is that the length of nozzle 10 is not appre- 
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ciably increased by attaching the ports 22 to the discharge 
end thereof. 

Directional control, or thrust vectoring, is achieved by 
selectively operating valves 26 to inject a secondary fluid 
5 through one or more ports 22 into the primary flow stream 
of nozzle 10. This secondary injection creates a shock 
wave within nozzle 10 and results in a localized increase 
in force along the wall of nozzle 10 downstream of the 
shock. The total lateral force generated by this second- 
10 ary fluid injection, i.e., the force generated perpendicular 
to the main longitudinal axis of nozzle 10, is made up of 
two separate forces. One force (F 2 ) is the component of 
the secondary fluid injection reaction perpendicular to 
the axis of nozzle 10, and the other force (F 2 ') is the 
15 component of the increased wall pressure perpendicular 
to the axis of nozzle 10. 

Investigations have determined that the shock wave 
generated by secondary fluid injection actually emanates 
from a point upstream of the injection port rather than 
20 immediately at the injection port. Hence, the area of 
increased pressure caused by the shock is located up- 
stream of the point of secondary fluid injection. In- 
vestigations have also determined that there is an area 
of reduced pressure downstream of the point of sec- 
25 ondary fluid injection resulting from the secondary fluid 
being turned to join the primary stream. This reduced 
pressure is less than the pressure ordinarily present 
within the nozzle. Hence, in a system such as is shown 
in the Wetherbee Patent 2,943,821, the area of reduced 
30 pressure is downstream of the injection port location 
and acts on the nozzle wall. This results in a lateral 
force which is opposed to the force desired to be gen- 
erated by secondary injection, thus reducing the effec- 
tive lateral force produced by secondary injection. 

35 The effect of this area of reduced pressure down- 
stream of the injection port is eliminated by locating 
the injection ports 22 at the discharge end of the nozzle. 
In this manner, the full effect of the high pressure be- 
hind the shock wave is utilized for induced lateral force, 
40 and no adverse influence is experienced from the low 
pressure area downstream of the secondary injection 
port, because this low pressure area does not act on the 
wall of nozzle 10. That is, the low pressure area down- 
stream of injection port 22 does not affect the total 
45 induced wall forces within nozzle 10 because this low 
pressure area has been moved out of the nozzle by lo- 
cating the injection ports at the discharge end of the 
nozzle. 

It has been found that injecting the secondary fluid 
u in an upstream direction at an angle (jS) to the main 
longitudinal axis of the primary nozzle affects shock 
wave position, the smaller the angle (/3) the more up- 
stream the point on the nozzle wall from which the 
shock wave emanates. Thus, upstream injection increases 
the induced force (F 2 ') behind the shock wave. A com- 
promise in the angle of upstream injection must be made 
to avoid placing the shock in such a position that it 
will intercept the nozzle wall on the opposite side of 
the nozzle from which it emanates. Furthermore, since 
u the lateral thrust component (F 2 ) decreases as the angle 
of upstream injection ((3) decreases, the angle (£) should 
be selected to provide the optimum combination be- 
tween the lateral thrust components (F 2 ) and (F 2 '). 
That is, the angle (j3) should not be decreased to the 
point where the gain in induced lateral force (F 2 ') is 
less than the corresponding decrease in injection reac- 
tion force (F 2 ). It is contemplated that for most pro- 
pulsion nozzles the angle (jS) should be between 60° 
and 45° to optimize the total lateral force generated by 
* u secondary fluid injection. 

FIG. 6 is a graphic comparison between previous sec- 
ondary fluid injection systems and the system disclosed 
in my co-pending application, Serial No. 142,146 (now 
Patent No. 3,144,752). The lower family of curves is 
75 a plot of the injection reaction lateral force ratio. 
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Fi(W 2 =0) 

against secondary weight flow ratios, 

W* 

W i 

The upper family of curves is a plot of the total lat- 
eral force ratio generated by secondary injection, 

F 2 +F 2 ' 

FdWg= 0 ) 

against secondary weight flow, the distance between the 
corresponding curves of the upper and lower families 
representing the lateral force ratio increase induced by 
the increased pressure behind the shock wave on sec- 
ondary injection. In essence, the curves of FIG. 6 show 
a comparison between lateral force generated by sec- 
ondary injection and the lateral force which could be 
obtained by discharging a comparable weight flow ratio, 

W2 

W x 

through an ideal auxiliary nozzle disposed 90° to the 
primary longitudinal axis of the main propulsion nozzle, 
the lateral force ratio of such an ideal auxiliary nozzle 
having a 1:1 relationship with secondary flow ratio. 

The lines /3=105° in both families of curves in FIG. 
6 are performance curves for the prior type of sec- 
ondary injection systems in which injection was accom- 
plished through circular iports in the wall of the nozzle 
upstream of the discharge end of the nozzle. The lines 
labeled £=60° and /3—90° in both families of curves 
are performance lines for a secondary fluid injection 
system wherein fluid was injected into the primary nozzle 
stream from ports located at the discharge end of the 
nozzle. 

As can be seen from the upper family of curves of 
FIG. 6, all of the secondary fluid injection systems show 
better performance than could be obtained from an ideal 
auxiliary nozzle. The lower family of curves in FIG. 6 
shows that the secondary fluid injection reaction com- 
ponent of lateral force is a direct function of the angle 
(§). The upper family of curves shows that a signifi- 
cant increase in performance is realized by using the 
system of my co-pending application Serial No. 142,146, 
both the curves £=60° and /3=90° showing significant 
lateral force ratio increases over the lateral force ratio 1 
of the prior system for corresponding weight flow ratios, 
the system of my co-pending application Serial No. 
142,146 (now Patent No. 3,144,752), producing lateral 
forces from 1.5 to 2 times the forces generated in the 
prior system. The upper family of curves also shows 
the performance increase realized by upstream secondary 
injection. This is clearly demonstrated by the fact that 
the best total lateral force ratio was obtained for /3— 60° 
although the injection reaction component was smallest 
for that value of (£). 

These results show that the system of my co-pending 
application Serial No. 142,146 (now Patent No. 3,144,- 
752) accomplishes the new result of increasing secondary 
injection thrust vectoring performance by locating the 
secondary injection ports at the discharge end of the pri- 
mary nozzle, and that the system of my copending appli- 
cation S.N. 142,146 also accomplishes the result of in- 
creasing secondary injection performance through up- 
stream injection. Thus, it can be seen that a desired 
lateral force can be produced by my previous invention 
with a smaller secondary injection weight flow than was 
heretofore necessary, or conversely, a greater lateral force 
can be produced with my previous invention than was pro- 
duced for a corresponding weight flow in prior systems. 

FIG. 7, wherein the curves correspond to the similarly 
labeled curves of FIG. 6, is a plot of axial stream flow 
ratio, 


6 

Fjl 

Fi (W 2 = 0 ) 

against secondary weight flow ratio, 

5 W 2 

W x 

FIG. 7 shows that the total axial thrust increases with sec- 
ondary injection both for the systems disclosed in my co- 
pending application Serial No. 142,146 (now Patent No. 
3,144,752) and the prior secondary injection system. An 
increase in primary nozzle thrust would be expected in the 
prior system wherein the secondary fluid is injected with 
a flow component downstream relative to the primary noz- 
zle flow. However, FIG. 7 shows that the induced force 
on the wall of the nozzle caused by the increased pressure 
behind the shock wave has a sufficiently large thrust com- 
ponent in the direction of the thrust produced by the pri- 
mary nozzle flow stream to overcome the negative axial 
20 thrust component created by upstream secondary fluid in- 
jection, and nozzle thrust is increased notwithstanding the 
fact that secondary fluid is injected in a direction which 
produces an axial thrust component opposite to the direc- 
tion of axial thrust of the primary nozzle. 

2- The use of a high aspect ratio slot as a basic configura- 
tion for injection ports 22 further contributes to increas- 
ing the total lateral thrust. The use of circular injection 
ports results in a relatively small area of high induced pres- 
sure, because such a nozzle produces an end effect in 
30 which the primary airflow can easily slip around the in- 
jection port with less pressure increase. A high aspect 
ratio slot (about 10:1) eliminates this side effect and in- 
creases the region of high induced pressures. FIG. 3 
shows the basic injection port configuration. A modifi- 
35 cation is shown in FIG. 4 wherein the basic slot 22 a has 
extending therefrom perpendicular slots 22b pointing up- 
stream. The end slots 22b act to further reduce the unde- 
sirable end effects by, in essence, trapping the primary 
stream end flow. A further modification is shown in 
40 FIG. 5 wherein the basic slot 22 a' merges into curved end 
slots 22 b' which terminate facing upstream. 

Referring now to FIG. 8 wherein elements similar to 
those shown in FIG. 1 are labeled as in FIG. 1, the ter- 
tiary flow system of the present invention is shown. Only 
45 one secondary fluid supply conduit 24 and one secondary 
° fluid injection port 22 are shown for convenience. A ter- 
tiary fluid supply conduit 30 leads from a source of fluid 
(not shown) to small tertiary injection port 32 in the 
divergent portion of nozzle 10. Each port 32 may, for 
g0 example, be either a single small hole or a circumferen- 
tially spaced series of smaller holes, and there is prefer- 
ably a tertiary injection port 32 for each secondary injec- 
tion port 22. Each tertiary port 32 is located upstream 
of and in alignment with a secondary port 22 and prefer- 
g5 ably faces upstream, and the total flow area of port 32 is 
much smaller than the total flow area of port 22 because 
the flow through port 32 is much less than the flow through 
port 22. 

Valves 26 and 34 are programed or manually actuated 
so that tertiary fluid, which may be either a gas from a 
separate source or from the same source as the secondary 
fluid or a reactive or vaporizable liquid, is injected into 
the primary flow stream of nozzle 10 at the same time or 
prior to the injection of the secondary fluid into the pri- 
mary flow stream. As shown in FIG. 8, the tertiary fluid 
distorts the boundary layer of the primary stream, i.e., 
modifies the velocity profile of the boundary layer to re- 
duce the velocity of the primary stream near the wall of 
the nozzle, so that the primary stream separates more 
easily when the secondary fluid is injected into the primary 
stream. When the boundary layer is distorted in this 
manner, a given amount of secondary flow (W 2 ) creates 
a larger separated region upstream of the secondary in- 
jection port than would otherwise be realized, and, con- 
75 sequently, a larger side force is realized. It has been cal- 
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culated that a tertiary flow (W 3 ) of approximately two- 
tenths of one percent of the primary flow (Wi) could 
provide a 50% increase in lateral force for a given sec- 
ondary injection weight flow (W 2 ). Conversely, when 
the tertiary injection system is used, a desired lateral force 
can be created with a significantly smaller secondary 
weight flow (W 2 ) than would otherwise be required. 

It is to be understood that the invention is not limited 
to the specific embodiment herein illustrated and described 
but may be used in other ways without departure from its 
spirit as defined by the following claims. 

I claim: 

1. In a propulsion vehicle, an exhaust nozzle having a 
discharge end, means for generating a supersonic flow 
stream through said nozzle, first means for injecting a 
fluid into said nozzle to distort the boundary layer of the 
flow stream in said nozzle, and second means downstream 
of said first means for separately injecting a fluid into said 
distorted boundary layer in said nozzle to create a shock 
wave in said nozzle for directional control of said vehicle. 

2. A propulsion vehicle as in claim 1 wherein said first 
and second means for injecting a fluid into said nozzle in- 
cludes first and second injection ports in substantial axial 
alignment along said nozzle. 

3. A propulsion vehicle as in claim 1 wherein said first 
injecting means includes an injection port in the wall of 
said nozzle and said second injecting means includes an 
injection port at the discharge end of said nozzle, said first 
and second injecting means being in substantial axial align- 
ment. 

4. In a propulsion vehicle, an exhaust nozzle having a 
discharge end, means for generating a supersonic flow 
stream through said nozzle, first means of selected flow 
area for injecting a selected quantity of fluid into said 
nozzle to create a shock wave in said nozzle, and second 
means upstream of said first means and separate from said 
first means for separately injecting a quantity of fluid less 
than said selected quantity into said nozzle to distort the 
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boundary layer of the flow stream in said nozzle, the flow 
area of said second means being less than the selected flow 
area of said first means. 

5. In a propulsion vehicle, means, including a conver- 
5 gent-divergent nozzle, for generating a supersonic flow 

stream, means in the divergent portion of said nozzle for 
distorting the boundary layer of the flow stream, and 
means downstream of said distorting means and separate 
from said distorting means for injecting a fluid into said 
jo nozzle to create a shock wave in said nozzle for directional 
control of said vehicle. 

6. A propulsion vehicle as in claim 5 wherein said dis- 
torting means includes second means for separately in 
jecting a fluid into said nozzle. 

15 7. In a propulsive vehicle, an exhaust nozzle having a 

discharge end, means for generating a supersonic flow 
stream through said nozzle, first means for injecting a 
vaporizable liquid into said nozzle to distort the boundary 
layer of the flow stream in said nozzle, and second means 
20 downstream of said first means and separate from said first 
means for separately injecting a fluid into said nozzle to 
create a shock wave in said nozzle for directional control 
of said vehicle. 
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